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CHAPTER 19
CIRCUIT PROTECTION .

Chapter 18 explained how current in a circuit can be controlled by automatically opening and
closing a set of contacts connected in series in the circuit. Controlling the time current flows in a circuit
does not necessarily control the magnitude of the current. A circuit is installed to carry a maximum safe
operating current, this being known as the rated current of the circuit. Currents in excess of this value can
result in damage to both the equipment and the wiring of the circuit. Protection against continuous srmall
and targe over-current conditions in a circuit is provided by the installation of fuses and/or circuit breakers
at the starting point of the circuit.

-

20.1 THE 'SHORT CIRCUIT

A common expression used in the electrical field is the term, a ‘short circuit’. This implies that a
condition of zero resistance exists in the circuit. Current needs a conductor between points of different
potential before it can flow. Conductors must always contain some resistance to the flow of electrons, even
through this value may be very small. The source itself consists of current carrying components which
cause a source to possess an internal resistance (ri}, while the conductors connecting a source to a load will
also contain resistance (rc).

Ina d.c. circuit containing a source, connecting cables and a load {Figure 19.1) each part of the
circuit may be replaced with its equivalent resistance. (Figure 19.2),

Figure 19.1
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Figure 19.2 }

“When Figure 19.1 is recrawn as Figure 19.2 *he source and the connecting wires in Figure 19,2 are
assumed 10 have zero resistance. The current in the cirouit is then limited by the actual resistance connected
across the source £, the minimum resistance being that of the internai resistance r;- Faults, or short circuirs
may oceur a1 the termunals of, or within, the load (RL., along the connecting conductors; or at the terrminats
of the eguivalent source {AB).

The magn:tude of the current in the circuit :s caiculated by dividing the source voitage (E} by the
‘Otal resistance In the circuit, looking back from the f3u:t towards the source of supply.



Exampla 19.1

A 240 volt d.c. generator has an internal resistance of 0.01 chms. The generator is connected tg 3
load of 100 ohms by cables, each having a resistance of 0.1 ohms. Calculate the current delivered by the

source when -

{a)  normal operating conditions apply

(b} the I'dad terminals are short circuited

{c}  the generator terminals are short gircuited
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(b}  Tozal resistance

)
= 240
0.21
114

n
I»

() Total resistance = r

= 240
0.01

24000 A

Fram these calculations it can be seen that currents far in excess of rateg current, may be drawn
from a source of supply for a brief instant if certain condiens exist in a circuit, These faults can cause
dangerous current surges within a circuit unless suitable protection is provided at the source.
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19.2 FUSES

A fuse is a device which opens a circuit by the melting of a fuse element. It consists of three parts -

{if  The base, which is inserted in series with a circuit
(i)  The wedge, which contains the fuse element

(it  The fuse element

The base is rigidly fixed, while the wedge can be removed from the base to allow easy and safe
replacement of the fuse element. Fuses are rated by the current the fuse element will carry continuously
without overheating. Fuses are of the rewirable or non-rewirable types. The rewirable fuse element is
usuaily tinned copper wire. The tinning of the wire is to prevent oxidation of the capper, this oxidation
altering the current carrying capacity of the wire. Most rewirable fuses have the base and wedge made from
porcedain, a heat resistant material {(Figure 19.3}.
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Figure 19.3 .

The porcelain material constrains the high temperature arc of the melting fuse element within the
fuse, preventing passible damage to the immediate surrgundings,

Non rewirable fuses use fuse elements called high rupturing capacity (H.R.C.) efements. The clerent
is completety encased in a ceramic cartridge.  (Figure 19.43,

Figure 19.4

Also includes - the cartridge is a heat absoriring s iica powaer. While the fuse element for 3 rewsranie
fuse 's 2 single strand of tinned copper wire the element icr 2 H.R.C. “use Is made of sifver and is produced in
verous snzpes.  (Fizure 19.5),
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Figure 19.5

The eiements wiil always meit at the points where their cross-sectional areas are the least.
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The design of the fuse element, its material, and the fact that it is not subject to oxidisation, (i)ecause
it is totaily enclosed) leads to a high degree of accuracy in circuit protection. As all the heat is retained within
the cartridge, the base and wedge need not be made of heat resistant material, This allows for the introeduction
of the more durable and decorative plastic moulded fuse base and wedge.  {Figure 19.6).

Figure 19.6

Rewirahle fuses are far cheaper than an equivalent rated H.R.C. fuse. The cost of replacing H.R.C.
fuse elements is high compared to a copper wire eiement. Non rewirable fuses are used extensively where the
degree of accuracy in circuit protection is not important. Typical applications are domestic dwellings and
factories. A disadvantage of the non-rewirable fuse is that it can easily accept a fuse element far in excess of
its own rating, resulting in possible damage to the equipment connected to the circuit or even fire if a
sustained overcurrent condition is continued. While the H.R.C. fuse is more expensive than the rewirable fuse
it is also far more reliable under fault conditions.

9.3 CIRCUIT BREAKERS

Switches which incorporate a feature 1o open automatically under certain desired conditions are
known as circuit breakers. Circuit breakers are principally designed to protect cables or more specifically the
insulation of the cable but must also operate 1o protect the equipment. A circuit breaker must conform to
the SAA code No. AS3000 which defines the following minimum operating characteristics.,

1. It must have an inverse time tripping characteristic on overloads up to about 10 time its rated
current, so that it will trip faster on heavy overioads than on light ones.

2. It must trip instantaneously on overloads above about 10 times rates current so that it wiil cut
off short circuit currents as quickly as possible.

3. Onany overload up to 10 times rated current its tripping time must become smailer as the
temperature increases so that even in very hot weather the maximum temperatures atlowed on
the cable insulation will never be exceeded.

These three characteristics will be referred to Ly their identifying numbers, i.e., T, 2, and 3, when the various
types of tripping elements are discussed.

A graph illustrating points 1 and 2 is shown in figure 19.7.

lime

Figure 198

%x 1 rated current x 10
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As the current increases the tripping time decreases.
Circuit breakers are classified by the type of tripping element they employ.

19.4 TYPES OF TRIPPING ACTIONS (Courtesy Email)

There are five main types of tripping units:
{1} athermal type; .
(2) a magnetic type;
(3) acombination of types 1 and 2knownasa co-operative thermal-magnetic type;
{4) current limiting types;
(5} solid state type.

Only the first three will be examined in this chapter as the other two are more involved and are
included in later studies. Figure 19.8 illustrate the mechanisms involved in the three tripping actions.
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Figure - QAR
{1} Thermal Type

This type relies for its operation on the heating effect of the current and utilises a bimetallic element
+0 conver: neat into mechanicai movement. When a piece of bimetal is heated it bends becsuse it consists af
two pieces of metal wesded together, the two metals expanding ai gifferent rates when heated. In directly
heated thermal trip units, the current actuaily passes through the bimeeal, the compination of the current and
the electrica! resistance of the bimetal producing the necessary heatirg. In indirectly heated thermal trip units.
the current passes throuan a heater, placed close to the brmetal so that some heat s transferred ot it, i.e., no
current figcws throuah the bimetal itself. Both directly ana indirectly heated thermal trip units are used in
sreahers, the former gererally on breakers up to about 50 =mperes rating and the indirectiv heated type on
larger breakers.

in poth types of thermal trip unit, the bimetai is connected to a lateh piece which normally is in such
a position tnat the switching mechanism is ‘1atched’ and *ne breaker can be closeg and opened manually.
However, 25 the bimetzf heats and bends, the latch piece moves anc after moving a certain distance it reteases
the mechamsm and automaticaily opens the contacts. The oimetzl can be adjusted so that the breaker opens
at any current up to 10 uimes rated value. in a sufficienty short tme 10 prevent the maximum cable insulation
temperature from being exceeded. Thus the thermal trip unit meets the first characteristic of the ideal circuit
breaier 3s stated above.
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Above 10 times rated current the bimetal still takes a definite time to heat up and unlatch the breaker,
A thermal trip, therefore, does not trip the breaker instantly and does not meet the second requirement,

Even when no current is flowing through the breaker, an increase in ambient temperature affects the
bimetal causing it to move away from the latch point, and if this temperature becomes high enough, the
breaker will ultimately trip. Hence, at high temperatures the bimetai has already moved through portion of
the distance necessary to trip the breaker and it will not take as long for the heat produced by the current to
mave it the remaining distance and allow the breaker to open automatically. Tripping times of a thermal trip
unit, therefore, decrease as the ambient temperature increases which is exactiy what is required in number
three characteristic of an ideal breaker.

{2} Magnetic Type .

The magnetic type of trip works on an entirely different principle. 1t consists of an electromagnetic
coil consisting of a number of turns of wire through which the current passes. inside the coil at one end is an
ion slug or plunger. At the other end is a spring-loaded magnetic element on wh ich the latch is mounted.

Light overioads do not produce a magnetic field strong enough to overcome the spring action of the
latch piece, but the field does cause the iron plunger to move towards the other end of the coil. On reaching
the other end, the iron plunger increases the magnetic pull which is then strong enough to pull the latch piece
against its springs and to trip the breaker. The mavement of the plunger is slowed down by making it force
air or a liquid from a cylinder through a smalf orifice. This is known as a dashpot and provides the required
ume delay. By correctly shaping the hole and varying the number of turns on the coil it is possible to provide
breaker tripping times at various currents which will prevent maximum cable insulation temperatures from
being exceeded at one specific ambient temperature.

On heavy overloads, the magnetic field is strong enough to move the latch piece without the assist-
ance of the iron plunger.” For all practical purposes the breaker opens instantaneously. Hence, a magnetic
trip maets requirement number 2.

Ag stated above, a magnetic trip can be adjusted to prevent maximum insulation temperatures from
being exceeded at any specific ambient temperature, Uniike a thermal trip, the aperating times of a magnetic
trip do not vary appreciably with temperature. The tripping time for an overload is more or less the same at
alt rtamperatures. This means that if the tripping times are adjusted to prevent maximum insulation temper-
atures from being exceeded at normal room temperatures, thenat high air temperatures the maximum insulation
temperature will be exceeded. The breaker tripping times are unchanged, but it does not take as lgng for the
cable insylation to reach this maximum temperature. Hence, a magnetic trip beaker fails on requirement

number 3
{3} Ca-operativa Thermal Magnatic Type

This type of tnip action is actually a combination of the previous two. On low averloads, only the
thermal action operates providing both time deiay and variauons in tripping times with temperature. However,
31 zDout 7 to B times rated current, the magnetic element starts 1o play its part and speeds up the operation aof
the thermai trip, This is why it is known as a co-operative thermal magnetic trip. At currents of about 10 times
rated value and higher, the magnetic trip completely overrides the thermai action and opens the breaker
instantaneously. The action of the co-operative thermal magnetic trip is ilfustrated in Figure 3,

Hence, the co-cperative thermal magnetic trip, by combining the desirable features of both the
thermal and the magnetic types, meets all three requirements of the ideal circuit breaker.

Summary

The relative merits of each type of trip action may be summarised in the following table:

_ Co-op
Thermai Magnetic Thermal
Magnetic
inverse Time characteristic Yes Yes Yes
Instent Tripping on short circuits and heavy overloads No Yes Yes
Variation ¢f trip times with air temperasure Yes No Yes
Total nurnber of desirable features Z 2 3
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Note that the co-operative thermal magnetic trip is the only one which provides all three essentjal
features of a compiete protective device. Neither a thermal trip nor a magnetic trip performs a complete
protecting job. Both will allow cables to be overloaded under certain conditions whereas a thermal-magnetic
trip will protect the cable all the time, irrespective of the current and the temperature,

19.5 ‘TRIP FREE' OPERATION OF CIRCUIT BREAKERS

On most circuit breakers the manual operating handle also serves to indicate whether the breaker
contacts are closed, open through manual operation or open as a result of automatic tripping. The last cage
is indicated by the handle being in a position, midway between the “on’ and ‘off" positions as shown in
Figure 19.8. This distinct "tripped’ handle position is a most desirabie feature particularly where breakers
of a fault in its circuit. All circuit breaker handies are "trip free’, which means that if the handle is held or
locked in the ‘on’ position, the breaker will still trip open in the event of a circuit fault.

“TRIPPED"
Figure 19.9

“OFF"

19.6 ARC EXTINGUISHING

When the circuit breaker breaks a heavy fauit current, an arc is drawn between the contacts as they
open. Some large breakers incorporate two sets of contacts, one to carry the current when the breaker is
closed, the arc being drawn between {he other set when the rontacts open. In this way the main contacts
never have an arc drawn between them, so that they suffer little damage. The arc which is formed,
particularly on short circuit current, can cause great damage, if allowed to persist even for a short time. Some
means of quickly extinguishing the arc is essential, and to meet this requirernent various devices have been
produced. Some rety on stretching the arc to a point where it cannot maintain itseif, This process is relatively

slow. The most successful device, known as a ‘De-ion’ grid was developed in 1927, by Dr Joseph Selpian of
the Westinghouse Research Laboratories near Pittsburgh, U.S.A.

The 'De-ion’ grid consists of a series of specially shaped stee! plates which are held, with spacing
between them, by fibre or ceramic supports. A typical 'De-ion’ grid is shown in Figure 19.9.

Figure 19.10

The operation of the grid can best be understood by studying Figure 19.10. When the arcis initially
drawn between the contacts, a circular magnettc field is set up around it, in an identical manner to the field

gin a wire. The steel plates in the grid distort the circular shape of the field, as
the fieid tends to foliow the form of the U

produced by a horseshoe magnet.

Metal Plate
'
“De-lon' Gnd
Contact Arm .
~
o

. -t Arc

i Mov:rg

Figure 19.11 Contact
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The field then cuts across the arc drawn between the contacts, forcing it by magnetic action in the
direction of the arrow, into the grid. The metal plates ‘chop’ up the arc into 8 number of small arcs which
are self extinguishing. The steel, being a good conductor of heat, rapidly cools the arc and materially assists
in extinguishing it in a very short time. A ‘De-ion’ grid is capable of quenching an arc in as short a time as

Yecycle or .005 seconds.

Arc extinguishing devices of the 'De-ion” grid type are almost universally used in moulded case type
circuit breakers. i

TUTORIALS 1.19 .

{1) A 2560 volt 10 kW d.c. load is supplied from a generator, whose internal resistance is 1 ochm, ;
through cabies each having a resistance of 0.5 ochms. Calculate:-

(a} the normal load current

{b) the fault current if the load terminals are short circuited

{c) the fauit current if the generator terminals are short circuited

{2}  Ad.c. generator supplies a 50 kW foad at a t.p.d. of 250 volts through connecting cables which
each have a resistance of 0.1 ohms. Calculate the t.p.d. of the generator.

(3) A 250 volt generator delivers 25 kW to a d.c. load whase t.p.d. is 240 vaoits. Calculate:-

{a) the power loss in the connecting cables

{b} the total resistance of the cables

{4) A heating load is connected to a d.c. generator whose t.p.d. is 240 voits. The internal resistance
of the generatar is 0.25 ohms and the total resistance of the connecting cables is 0.5 ohms.

Calculate the current delivered by the generator if:-

{a) aload of 48 kKW is supplied
(b}  the load terminals are short circuited

{c) the generator terminals are short circuited {negiect voltage drops in the cables)
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